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Objective. To determine the association between health literacy, communication habits and colorectal cancer
(CRC) screening among low-income patients.
Methods. Survey responses of patients who received ﬁnancial assistance for colonoscopy between 2011 and
2014 at a family medicine residency clinic were analyzed using multivariate logistic regression (n = 456).
Therewere two dependent variables: (1) previous CRC screening and (2) CRC screening adherence. Our indepen-
dent variables of interest were health literacy and communication habits.
Results. Over two-thirds (67.13%) of respondents had not been previously screened for CRC. Multivariate
analysis showed a decreased likelihood of previous CRC screening among those who had marginal (OR =
0.52; 95% CI = 0.29–0.92) or inadequate health literacy (OR = 0.49; 95% CI = 0.27–0.87) compared to those
with adequate health literacy. Controlling for health literacy, the signiﬁcant association between educational
attainment and previous CRC screening was eliminated. Thus, health literacymediated the relationship between
educational attainment and previous CRC screening. Therewas no signiﬁcant association between communication
habits and previous CRC screening. There was no signiﬁcant association between screening guideline adherence,
and health literacy or communication.
Conclusion. Limited health literacy is a potential barrier to CRC screening. Suboptimal CRC screening rates
reported among those with lower educational attainment may be mediated by limited health literacy.© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Colorectal cancer (CRC) can be prevented through routine screening
and early detection with removal of pre-malignant lesions (Townsend
et al., 2012; Centers for Disease Control). The preventable nature of
this cancer and the peak incidence occurring after age 50 (Townsend
et al., 2012) has resulted in age-based recommendations for routine
screening (U.S. Preventive Services Task Force, 2008). Despite these
recommendations (U.S. Preventive Services Task Force, 2008), about
28 million individuals in the United States are not up-to-date with
CRC screening guidelines (Centers for Disease Control). Lack of health
insurancehas been consistently associatedwith suboptimal CRC screen-
ing (Anderson et al., 2013; Guessous et al., 2014; James et al., 2006;
Meissner et al., 2006); however, 24% of Americans who have health
insurance have not been screened for CRC (Centers for Disease Control
and Prevention (CDC), 2013). Furthermore, evenwhen free or subsidizedaka).
. This is an open access article underCRC screening tests are provided, screening rates are still suboptimal
(Anderson et al., 2011; Kobayashi et al., 2014). These ﬁndings suggest
a need to identify other factors that could be contributory to inadequate
screening rates.
Limited health literacy is one factor that has been associated with
suboptimal CRC screening (Arnold et al., 2012), evenwhen equal access
exists (Kobayashi et al., 2014). Health literacy is deﬁned as “the capacity
to obtain, process, and understand basic health information and services
to make appropriate decisions” (Institute of Medicine, 2004). About 88%
of U.S. adults have marginal or inadequate health literacy (Kutner et al.,
2000), limiting their ability to comprehend andutilize health information
(Institute of Medicine, 2004). Lower educational attainment is often as-
sociated with suboptimal health literacy (Kutner et al., 2000; van der
Heide et al., 2013; Guerra et al., 2005; Halverson et al., 2013; Sentell
et al., 2013); however, those who have higher educational attainment
may still have low health literacy (Institute of Medicine, 2004).
Although limited health literacy has been reported to adversely
affect CRC screening (Kobayashi et al., 2014; Arnold et al., 2012;
Kutner et al., 2000; Sentell et al., 2013; Morris et al., 2013; Petersonthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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some studies reporting no association (Halverson et al., 2013; Khankari
et al., 2007; Harrington et al., 2004) while another study reported that
the association exists only among individuals age 65 and above
(Oldach and Katz, 2014). Limited health literacy has also been
associated with inadequate CRC knowledge (Arnold et al., 2012;
Kutner et al., 2000) and identiﬁcation of more barriers to CRC screening
(Khankari et al., 2007). Improving health care providers' communica-
tion skills (Miller et al., 2007; White et al., 2008) and frequency of CRC
screening recommendations (Miller et al., 2007) has been explored as
a means of improving CRC screening among patients who have limited
health literacy. However, patient communication habits also inﬂuence
medical outcomes; interactive patients have been reported to be more
likely to adhere to treatment recommendations (Modiri et al., 2013).
A study reported that during consultations where CRC screening was
discussed, patients were more likely to initiate the conversations and
request clariﬁcations (Katz et al., 2012a). Since patients who discuss
CRC screening are more likely to receive a recommendation (Katz
et al., 2012b), less communicative patients could be at increased risk
for inadequate CRC screening recommendations and, consequently,
inadequate CRC screening. Patients who have limited health literacy
are less likely to engage in seeking information related to CRC (von
Wagner et al., 2009); this could further decrease CRC screening rates
among this population. However, few studies have examined the effect
of limited health literacy and communication habits on previous colo-
rectal cancer screening.
The purpose of this study was to examine the associations between
limited health literacy, patient communication habits, and ever having
had a CRC screening or being adherent to screening guidelines, among
low-income uninsured patients in a primary care setting. We hypothe-
sized that patients who had suboptimal health literacy levels and/or
communication habits would be less likely to report ever having CRC
screening or being adherent to screening guidelines. We also hypothe-
sized that although lower educational attainment would be associated
with decreased likelihood of both outcome variables, these associations
would cease to exist when health literacy is included in the model.
Methods
Patients seeking ﬁnancial assistance for colonoscopy at a family
medicine residency clinic completed a form to determine eligibility for
free or subsidized CRC screening based on income level and household
size. Approximately 2weeks before the procedure, eligible patients par-
ticipated in a preparatory (prep) visit with a clinic-based community
health worker (CHW). Surveys were administered during the prep
visit to collect information on demographics, communication habits,
health literacy, and whether or not the individual had a previous CRC
screening. Surveyswere administered in Spanish or English by bilingual
CHWs. Patientswere consented for the colonoscopy as part of usual care
procedures at the clinic. All patient data were de-identiﬁed by the
clinic's data analyst prior to data analysis, as approved by the
organization's Institutional Review Board.
Based on screening guidelines, respondents who were less than
51 years of age were excluded from the analyses (n = 232). Because
of insufﬁcient numbers, thosewho did not self-report their race/ethnicity
as white, black, or Hispanic were also excluded (n = 51). Those who
responded “do not know” for “ever had colorectal cancer screening”
(n= 25), last time of CRC screening (n = 15), family history of polyps
or CRC (n = 30), and missing values (n = 61) were also excluded. A
total of 414 observation were excluded from the analyses. Final sample
size was 456.
Measures
We had two outcome variables of interest: (1) whether the respon-
dent had ever had CRC screening using any of the recommendedscreening tests: fecal occult blood test, sigmoidoscopy or colonoscopy
(coded as 1=yes, 0=no); and (2)whether the respondentwas adher-
ent to screening guidelines (coded as 1 = yes, 0 = no). The question
used to determine previous colorectal cancer screening was “Have you
ever had any of the following colorectal cancer screening procedures?
Options provided were Fecal Stool Blood Test (FOBT, FIT, DNA), barium
enema, CT colonography, ﬂexible sigmoidoscopy, and colonoscopy; the
response options were “Yes/No/Unknown.” To ascertain screening
guideline adherence, the respondents were asked to identify the last
time theywere screened using anyof the procedures they had indicated;
the response options were “Less than 1 year ago/1–3 years/3–5 years/
5–10 years/More than 10 years.” The questions were determined
based on types of tests used for CRC screening and their recommended
intervals. We limited our analyses to the modalities recommended by
the United States Preventive Service Task Force, namely, FOBT/FIT, sig-
moidoscopy, and colonoscopy (U.S. Preventive Services Task Force,
2008). Individuals were considered as being adherent to screening
guidelines if they reported having an FOBT/FIT within the past year,
sigmoidoscopy within the past 5 years, or colonoscopy within the past
10 years.
There were two independent variables of interest: respondents'
health literacy and patient communication habits, measured using pre-
viously validated scales (Chew et al., 2008; Stanford Patient Education
Research Center). Health literacy was measured with the question
“How conﬁdent are you ﬁlling out medical forms by yourself without
assistance?” For the purpose of analysis, the original ﬁve-point Likert-
type scale (1—never to 5—always) responses for the health literacy var-
iable were condensed and reversed to a three-point scale: 1 (always/
often), 2 (sometimes), and 3 (rarely/never). Those who indicated
“always/often” responses were regarded as having adequate health
literacy; a response of “sometimes” was regarded as marginal, while
“rarely/never” was regarded as inadequate. Patient communication
habit was assessed using three questions: “When you visit your doctor,
how often do you do the following? (1) Prepare a list of questions for
your doctor, (2) ask questions about the things you want to know and
things you do not understand about your treatment, and (3) discuss
any personal problem that may be related to your illness.” A composite
scorewas generated from the three communication questions (Stanford
Patient Education Research Center).
Control variables were based on past literature and includedmarital
status (married, single, divorced/separated, widowed), gender (female,
male), education (more than high school education, some high school
education, less than high school education), race/ethnicity (White,
Black/African American, Hispanic/Latino), a personal/family history of
adenomatous polyps or CRC (1—yes, 0—no), and age in categories
(less or equal to 60 years, greater than 60 years). Although age
65 years has been used as the cutoff for younger and older individuals
in the literature (Meissner et al., 2006), we used age 60 because of inad-
equate numbers. We also controlled for residence whichwasmeasured
by self-reported zip code; rural/urban classiﬁcation was achieved by
merging the data set with the Rural Urban Commuting Area Codes
Data for the state of Texas (RUCA Rural Health Research Center). Four
classiﬁcations of residence were used: urban, large rural, small rural
and isolated rural.
Statistical analysis
Contingency tables of select demographic variables by previous CRC
screening were calculated using chi-square tests. Multivariate analyses
using logistic regression were used to estimate odds ratios and 95%
conﬁdence intervals. All statistical tests were two-sided, and ﬁndings
were considered statistically signiﬁcant at p b 0.05. All analyses were
conducted using Stata 13.1 (StataCorp, 2013).
We used four models to test our hypotheses for both outcome
variables. First, we constructed a baseline model that included only
the control variables (model 1). We then controlled for the two
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controlled for health literacy; model 3 controlled for patient communi-
cation habits; and the ﬁnal model (model 4) comprised of all of the
control and independent variables.
Results
Descriptive statistics for control variables by previous CRC screening
are presented in Table 1. Over two-thirds (67.13%) of respondents had
not been previously screened for CRC using any of the three screening
modalities. Those who had achieved more than a high school education
were more likely to report having prior CRC screening compared to
those who had some high school or less than high school education
(46.51%% vs. 36.73% vs. 25.69%; p= 0.005). The older group (60 years
and above) had a greater proportion of individuals who had a previous
CRC screening compared to respondents below age 60 years (48.25% vs.
30.70%; p = 0.001). A greater proportion of those who did not have a
family history of polyps or CRC had not been previously screened for
CRC compared to their counterparts (73.98% vs. 43.80%; p= b0.0001).
Table 2 displays results from the multivariate logistic regression for
ever having a CRC screening. In model 1, those with less than a high
school education had a decreased likelihood of ever having a CRC
screening compared to those who had more than a high school educa-
tion (OR= 0.41; 95% CI = 0.19–0.87). Younger (≤60 years) individuals
also had a decreased likelihood of having a previous CRC screening com-
pared to their counterparts (OR=0.44; 95% CI= 0.27–0.71). Therewas
an increased likelihood of ever having CRC screening among individuals
who had a personal or family history of adenomatous polyps or CRC
(OR = 3.63; 95% CI = 2.29–5.76) compared to their counterparts.
Upon addition of health literacy into the model (model 2), educa-
tional attainment was no longer statistically signiﬁcant. Younger
individuals continued to have a decreased likelihood of previous CRC
screening compared to their counterparts (OR = 0.46; 95% CI = 0.29–
0.75). Those who had a positive family or personal history still had
increased likelihood of reporting a previous CRC compared to their
counterparts (OR = 3.57; 95% CI = 2.24–5.70). There was a decreasedTable 1
Select characteristics of respondents who received free or subsidized colonoscopy
between 2011 and 2014 by previous colorectal cancer (CRC) screening.
Previous colorectal cancer screening
No (n) % Yes (n) % P value
Gender 0.769
Female 207 64.490 114 35.510
Male 89 65.930 46 34.070
Race/ethnicity 0.127
White 92 62.160 56 37.840
Black/African America 59 59.000 41 41.000
Hispanic/latino 145 69.710 63 30.290
Residence 0.712
Urban 169 64.260 94 35.740
Large rural 25 65.790 13 34.210
Small rural 54 70.130 23 29.870
Isolated rural 48 61.540 30 38.460
Educational attainment 0.005
More than high school 46 53.490 40 46.510
High school 143 63.270 83 36.730
Less than high school 107 74.310 37 25.690
Marital status 0.458
Married 138 66.670 69 33.330
Single 66 61.110 42 38.890
Separated/divorced 64 62.140 39 37.860
Widowed 28 73.680 10 26.320
Age 0.001
N60 years 59 51.750 55 48.250
≤60 years 237 69.300 105 30.700
Family history of CRC/polyps b0.0001
No 236 73.980 83 26.020
Yes 60 43.800 77 56.200
Bold indicates that the p value is signiﬁcant.likelihood of having a previous CRC screening among individuals with
marginal (OR=0.52; 95% CI= 0.29–0.92) or inadequate health literacy
(OR = 0.49; 95% CI = 0.27–0.87).
Patient communication was not associated with previous CRC
screening (Model 3). However, with health literacy not included in
the model, once again having less than a high school education was as-
sociated with a decreased likelihood of CRC screening (OR = 0.42; 95%
CI = 0.19–0.90). Younger (age ≤ 60) individuals remained less likely
(OR = 0.45; 95% CI = 0.28–0.72) to report previous CRC screening
while those with a positive family history still had an increased likeli-
hood (OR = 3.63; 95% CI = 2.29–5.76) of reporting previous CRC
screening.
The full model (model 4) showed that once more, with health liter-
acy included in themodel, educational attainment had no signiﬁcant as-
sociation with ever having had a CRC screening. Those with marginal
(OR = 0.51; 95% CI = 0.29–0.92) or inadequate health literacy
(OR = 0.48; 95% CI = 0.27–0.87) levels were less likely to have had a
previous CRC screening compared to those with adequate health litera-
cy. There remained a decreased likelihood of previous CRC screening
among those who were younger (OR = 0.46; 95% CI = 0.29–0.75),
and an increased likelihood among thosewho had a positive family his-
tory of adenomatous polyps or CRC (OR = 3.57; 95% CI = 2.24–5.70).
There was no statistically signiﬁcant association between communica-
tion and previous CRC screening.
There was no statistically signiﬁcant association between being
within screening guideline recommendations and health literacy or
communication with physicians (Table 3). A positive family history
was consistently associated with increased likelihood of screening
guideline adherence across the four models.Discussion
In this study, we explored the associations between health literacy
and patient communication habits and ever having had a CRC screening
or beingwithin screening guidelines.We found that although lower ed-
ucational attainment was associated with decreased likelihood of hav-
ing a previous CRC screening, this association was eliminated when
health literacy was included in the model. This ﬁnding is in contrast to
another study, which found that educational attainment and health lit-
eracy were both independent predictors of colorectal cancer screening
(Kobayashi et al., 2014); this difference could be because our study par-
ticipants were predominantly uninsured and potentially, less diverse
than the former study. In agreement with a previous study (Arnold
et al., 2012), we found that respondents who had marginal or limited
health literacy were less likely to have ever had a CRC screening. How-
ever, in agreement with other studies (Kutner et al., 2000; Khankari
et al., 2007), we found no statistically signiﬁcant association between
health literacy and up-to-date screening. These ﬁndings suggest that
programs which seek to improve CRC screening rates among uninsured
individuals should consider developing and implementing strategies
aimed at improving health literacy levels among their target popula-
tions. Since limited health literacy has been found to also adversely
affect utilization of health services and adherence to health care provid-
er instructions (Institute of Medicine, 2004), such strategies could have
an added beneﬁt of improving health seeking behavior, and thus health
outcomes of such individuals. Developing educational materials aimed
at individuals with low health literacy, as well as training health care
providers on how to effectively communicatewith individualswith lim-
ited literacy, should also be explored. Patients who have limited health
literacy could particularly beneﬁt from such interventions because
these individuals have been found to be less likely to receive CRC
screening recommendations from a health care provider (Guerra et al.,
2005), a strong predictor of colorectal cancer screening (Wolf et al.,
2006; Wong et al., 2013; Laiyemo et al., 2014; Underhill and
Kiviniemi, 2012).
Table 2
Multivariate analysis: Inﬂuence of health literacy and communication habits on ever having colorectal cancer (CRC) screening, respondents received free or subsidized colonoscopy
between 2011 and 2014 (n= 456).
Model 1, odds ratio (95% CI) Model 2, odds ratio (95% CI) Model 3, odds ratio (95% CI) Model 4, odds ratio (95% CI)
Marital status
Married
Single 1.05 (0.61–1.80) 1.11 (0.64–1.92) 1.07 (0.62–1.85) 1.10 (0.63–1.92)
Separated/divorced 0.98 (0.57–1.69) 1.03 (0.59–1.79) 0.98 (0.57–1.70) 1.03 (0.59–1.79)
Widowed 0.50 (0.21–1.17) 0.54 (0.23–1.27) 0.50 (0.21–1.16) 0.54 (0.23–1.27)
Gender
Female
Male 0.87 (0.55–1.38) 0.94 (0.59–1.50) 0.87 (0.55–1.38) 0.94 (0.59–1.50)
Educational attainment
More than high school
High school 0.60 (0.34–1.05) 0.71 (0.40–1.28) 0.60 (0.34–1.06) 0.71 (0.40–1.28)
less than high school 0.41 (0.19–0.87) 0.55 (0.25–1.21) 0.42 (0.19–0.90) 0.55 (0.25–1.20)
Race/ethnicity
White
Black/African American 1.53 (0.84–2.76) 1.50 (0.82–2.72) 1.52 (0.84–2.75) 1.50 (0.82–2.73)
Hispanic/Latino 1.62 (0.86–3.04) 1.70 (0.90–3.24) 1.65 (0.87–3.11) 1.70 (0.89–3.23)
Age
N60 years
≤60 years 0.44 (0.27–0.71) 0.46 (0.29–0.75) 0.45 (0.28–0.72) 0.46 (0.29–0.75)
Residence
Urban
Large rural 0.86 (0.39–1.89) 0.99 (0.44–2.20) 0.87 (0.39–1.92) 0.99 (0.44–2.20)
Small rural 0.66 (0.36–1.20) 0.64 (0.35–1.16) 0.66 (0.36–1.20) 0.64 (0.35–1.16)
Isolated rural 1.11 (0.62–1.99) 1.14 (0.63–2.07) 1.10 (0.61–1.98) 1.14 (0.63–2.07)
Family history of CRC/polyp
No
Yes 3.63 (2.29–5.76) 3.57 (2.24–5.70) 3.63 (2.29–5.76) 3.57 (2.24–5.70)
Health literacy
Adequate
Marginal 0.52 (0.29–0.92) 0.51 (0.29–0.92)
Inadequate 0.49 (0.27–0.87) 0.48 (0.27–0.87)
Communication
1.02 (0.95–1.09) 1.00 (0.93–1.07)
Table 3
Multivariate analysis: Inﬂuence of health literacy and communication habits on colorectal cancer screening guidelines adherence, respondents received free or subsidized colonoscopy
between 2011 and 2014 (n= 456).
Model 1, odds ratio (95% CI) Model 2, odds ratio (95% CI) Model 3, odds ratio (95% CI) Model 4, odds ratio (95% CI)
Marital status
Married
Single 0.65 (0.34–1.24) 0.66 (0.35–1.26) 0.69 (0.36–1.32) 0.69 (0.36–1.33)
Separated/divorced 0.69 (0.36–1.32) 0.71 (0.37–1.36) 0.70 (0.37–1.35) 0.71 (0.37–1.37)
Widowed 0.56 (0.21–1.51) 0.59 (0.22–1.61) 0.55 (0.20–1.49) 0.58 (0.21–1.57)
Gender
Female
Male 1.06 (0.62–1.80) 1.12 (0.65–1.92) 1.06 (0.62–1.81) 1.11 (0.65–1.91)
Educational attainment
More than high school
High school 1.13 (0.58–2.23) 1.28 (0.64–2.57) 1.17 (0.59–2.32) 1.29 (0.64–2.60)
Less than high school 0.87 (0.35–2.14) 1.07 (0.42–2.70) 0.96 (0.38–2.39) 1.11 (0.43–2.83)
Race/ethnicity
White
Black/African American 1.38 (0.69–2.73) 1.35 (0.68–2.69) 1.36 (0.68–2.71) 1.34 (0.67–2.68)
Hispanic/Latino 1.44 (0.70–2.97) 1.49 (0.72–3.10) 1.51 (0.73–3.15) 1.54 (0.74–3.22)
Age
N60 years
≤60 years 0.56 (0.33–0.96) 0.59 (0.34–1.01) 0.58 (0.34–0.99) 0.60 (0.35–1.03)
Residence
Urban
Large rural 0.89 (0.37–2.16) 0.98 (0.40–2.41) 0.93 (0.38–2.26) 1.00 (0.41–2.45)
Small rural 0.64 (0.31–1.32) 0.62 (0.30–1.29) 0.64 (0.31–1.33) 0.62 (0.30–1.30)
Isolated rural 1.12 (0.58–2.19) 1.16 (0.59–2.28) 1.11 (0.57–2.18) 1.14 (0.58–2.25)
Family history of CRC/polyp
No
Yes 3.93 (2.33–6.62) 3.87 (2.29–6.54) 3.95 (2.34–6.67) 3.90 (2.30–6.60)
Health literacy
Adequate
Marginal 0.64 (0.33–1.27) 0.68 (0.34–1.35)
Inadequate 0.63 (0.31–1.25) 0.68 (0.33–1.38)
Communication
1.06 (0.98–1.15) 1.04 (0.96–1.14)
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information, encouraging them to ask their providers about CRC screen-
ing, and counseling patients on identiﬁed barriers resulted in increased
CRC discussion, screening recommendations, and test completion
among patients including low-income, uninsured, and limited health
literacy individuals (Katz et al., 2012b). Another study, comprised of
predominantly minority and low-income patients, found that in physi-
cian visits where CRC discussions occurred, patients who had been
activated to discuss CRC screening were more likely to initiate these
discussions (Katz et al., 2012a). Encouraging patients to initiate CRC
screening discussions during physician visits has also been associated
with increased CRC-related discussion and increased likelihood of re-
ceiving a CRC screening recommendation (Christy et al., 2013). These
ﬁndings indicate that communicative patients could have an advantage
over non-communicative patients with regards to CRC screening
(Modiri et al., 2013). However, we found no association between previ-
ous CRC screening or adherence to CRC screening guidelines, and
communication habits among our study population.
Study limitations
This study has several limitations. Since respondents were unin-
sured or low-income (less than 250% Federal Poverty Level), it might
have been beneﬁcial to compare results to an insured population; how-
ever, that is beyond the scope of this study because the grant funding
the CRC screenings was directed to uninsured and/or underinsured
populations. Second, the data were based on self-report and might
therefore have been subject to certain bias such as social desirability
or recall bias. The retrospective nature of this study also limits our ability
to verify possible changes in health literacy. The exclusion of other ra-
cial/ethnic groups based on insufﬁcient numbers and the focus on unin-
sured or low-income patients in one primary care setting could also
limit the generalizability of our study ﬁndings. Finally, the questions
used to assess communication were not necessarily speciﬁc to commu-
nication domains related to CRC screening. This could have inﬂuenced
our ﬁnding of no association between communication habits and previ-
ous CRC screening. Despite these limitations, our study ﬁndings could
guide the implementation of programs aimed at improving CRC screen-
ing among underserved populations.
In conclusion, health literacy could account for the suboptimal CRC
screening rates reported among individuals with lower educational
attainment. Individuals who have limited health literacy might be at a
higher risk for suboptimal CRC screening and, potentially, CRC. It is
therefore pertinent that strategies to improve CRC screening among
low-income or uninsured patients include the development of educa-
tional interventions tailored to meet the needs of those with limited
health literacy. Strategies to improve health literacy levels should also
be explored.
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